Abstract-We have demonstrated multiwavelength fiber laser (MWFL) based on bidirectional Lyot filter and semiconductor optical amplifier (SOA). The intensity dependent loss (IDL) mechanism is utilized to obtain a flat multiwavelength spectrum of 94 wavelength lines within 5 dB bandwidth. The extinction ratio (ER) is 9 dB, while the line spacing is narrow at 0.1 nm. No polarizer is used in the experimental structure, thus the IDL mechanism is only came from SOA. When SOA current is decreased, worse wavelength lines and multiwavelength flatness is achieved. Without proper adjustment of polarization controllers (PCs), the multiwavelength performance is found degraded.
I. INTRODUCTION
MWFL has attracted many researchers around the world for the purpose of dense wavelength division multiplexing, sensor and so on. The multiwavelength generation was usually realized using erbium doped fiber amplifier (EDFA). However, without mode competition reducer such as piezo-electric transducer or nonlinear device such as highly nonlinear fiber, the generated wavelength lines is unstable, uneven and limited to several lines. This is due to the high mode competition owing to the homogenous gain broadening from the EDFA. The solution for this problem is by using an inhomogeneous broadening gain in SOA [1] [2] [3] or Raman amplifier [4, 5] . With these kind of optical amplifiers, the mode competition is low, thus a flat and stable multiwavelength spectrum can be achived. The mode competition can also be alleviated by inducing an intensity dependent loss (IDL) mechanism [6, 7] . The IDL mechanism is induced from nonlinear polarization rotation effect, which acts as an intensity equalizer.
The MWFL based on SOA were demonstrated previously by utilizing a comb filter such as Mach-Zehnder interferometer (MZI) [8] , Sagnac loop mirror (SLM) [9] , Fabry-Perot filter [10, 11] and Lyot filter [12] [13] [14] [15] . The multiwavelength generation based on SOA together with bidirectional Lyot filter is hardly reported. One of the work can be found in Reference [12] , where the work was focused on the investigation of multiwavelength performance based on unidirectional and bidirectional Lyot filter. Meanwhile, other work on bidirectional Lyot filter was a demonstration of line spacing tunability that depending on PC adjustment [15] . In this paper, the multiwavelength generation is realized using the same bidirectional Lyot filter as demonstrated in [12] . The laser cavity provides low IDL strength which is from SOA since no polarizer is used in the experimental structure. Even with low IDL strength, a flat multiwavelength spectrum of 94 wavelength lines within 5 dB bandwidth is obtained. The ER is 9 dB, while the line spacing is 0.1 nm. Further work is the observation of multiwavelength performance based on different intensity and polarization state (PS) by varying SOA current and PCs, respectively.
II. EXPERIMENTAL SETUP
The experimental structure based on the IDL mechanism and the bidirectional Lyot filter is shown in Fig. 1 . In the proposed structure, an SOA is utilized as the gain medium. The SOA can be driven at maximum current of 400 mA. It is manufactured from Qphotonics and have 1530 nm of center wavelength. A section of polarization maintaining fiber (PMF) is combined with two PCs in forming the bidirectional Lyot filter. The PCs were connected with the PMF to adjust the polarization angle (PA) until a perfect constructive interference is occured in the PMF. A 50/50 coupler after SOA was utilized to split the light in the ring cavity, while the other 50/50 coupler worked as a light combiner. Two circulators are engaged to propagate the lights to the bidirectional Lyot filter at different propagation of clockwise (CW) and anti-clockwise (ACW) directions. The circulators are also act as an isolator in preventing the light from the SOA input to pass through the bidirectional Lyot filter. The PMF is a birefringence device for the medium of constructive interference. The PMF has high birefringence value (B) of 4.5 × 10 -4 , with its length (L) is fixed to 53.2 m. A 10/90 coupler is utilized to extract 10% of the laser from the ring cavity and viewed by an optical spectrum analyzer (OSA). 
III. PRINCIPLE OF OPERATION
The multiwavelength generation utilizing the bidirectional Lyot filter is based on an interferometric property of PMF which can be understood from the operation principle as follows. Firstly, the light from SOA output is split into two via 50/50 coupler. After that, the lights are routed to Circulator 1 and Circulator 2 and make CW and ACW propagation in the Lyot filter region, respectively. With proper adjustment of PCs, two constructive interferences are occurred at the end of the PMF. The PC must be set to 45° of PA, so that a perfect constructive interference is occured so as to achieve the best performance of multiwavelength spectrum. After the lights passed through port 3 of circulators, the lights are combined in the second 50/50 coupler. At the 10/90 coupler, 10% of the light goes to the OSA to analyze the laser output. The rest of the light is fed back in the laser cavity to continue light oscillation. To determine the line spacing (Δλ), an equation of Δλ = λ 2 /BL is used, where λ is the operating wavelength.
IV. RESULTS AND DISCUSSIONS
For the data gathering, the entire settings were fixed except the SOA current and the two PCs for performance investigation. The SOA current was varied to investigate the effect of intensity in the cavity, while the PCs were altered to observe the effect of different PA to the performance of the multiwavelength laser. Fig. 2 depicts the optical power of the multiwavelength spectrum at increased SOA current to know the value of lasing threshold for this MWFL. From the figure, the lasing threshold is measured at 100 mA. Therefore, current setting lower than the lasing threshold cannot be considered as laser. Meanwhile, the slope efficiency is measured at approximately at 0.572 mW/A. Fig. 3 illustrates the comparison of the best multiwavelength spectrum with the amplified spontaneous emission (ASE) of the SOA at the same bias current of 350 mA. The ASE is shown to has a small gain ripple due to the residual facet reflectivity within the active layer of SOA during the process of spontaneous emission [16] . The ASE has uneven ER and its line spacing is not according to the PMF length. In the meantime, the spectrum of MWFL is seen flat, with the wavelength lines are 94 within 5 dB bandwidth. The multiwavelength is flat thanks to the double interferences of light from the bidirectional Lyot filter. The flat spectrum is also due to the IDL mechanism arises from the SOA assisted by PCs adjustment. Meanwhile, the ER is quite high at around 9 dB even without a polarizer in the experimental setup. The line spacing is 0.1 nm according to the 53.2 m of PMF length which is agreed well with the equation of line spacing mentioned earlier. The use of longer PMF surely increases the number of wavelength lines but ER value will be lower because the increased wavelength lines are fairly distributed among the gain in the laser cavity.
A. Lasing Threshold

B. The Best Multiwavelength Spectrum
C. Intensity Variation
The next observation is pertaining to the intensity dependence towards the multiwavelength spectrum as can be seen in Fig. 4 . The wavelength lines and its flatness are reduced with the decrement of SOA current. It is worth to note that the two spectra as depicted in Fig. 4 are the flattest through their respective current by the adjustment of PCs. The wavelength lines within 5 dB bandwidth is decreased to 69 and 19 at SOA current of 250 mA and 150 mA, respectively. Lower intensity in the cavity has lesser wavelength lines because the cavity loss is higher than the gain at the disappeared wavelength lines. In other observation, the multiwavelength flatness is deteriorated at lower SOA current. This is because, lower SOA current alleviates the IDL strength, thus lowering the property of inhomogeneous gain broadening. At SOA current below 150 mA, the wavelength lines are further decreased. 
D. PCs Variation
Afterward, the two PCs in the setup are altered to observe the performance of the multiwavelength spectrum. The results are depicted in Fig. 5 , showing that the ER and the flatness of the multiwavelength spectrum is deteriorated at random adjustment of PCs. Fig. 5(a) shows higher ER value of multiwavelength spectrum, but the flatness is quite bad. In the meantime, the spectrum as showed in Fig. 5(b) has lower ER value and multiwavelength flatness is badly deteriorated. The spectra are deteriorated because of different PA due to the PC alteration. When the PCs are adjusted, the PA is no longer at 45º, thus the incoming light is not completely refracted into two in the PMF. The PCs alteration were also affecting to lower IDL strength, thus reducing the ability of the intensity equalizer to flatten the multiwavelength spectrum. Hence, the PCs need to adjusted properly so that a flat multiwavelength spectrum can be achieved as in Fig. 3 .
V. CONCLUSION
In conclusion, we have demonstrated a multiwavelength generation based on bidirectional Lyot filter and IDL mechanism. The IDL mechanism is provided by the SOA as no polarizer is utilized in the structure. The best performance is at 350 mA of SOA current, which generates 94 wavelength lines within 5 dB bandwidth. The ER is 9 dB even the line spacing is narrow. When SOA current is reduced to 250 mA and 150 mA, the wavelength lines is decreased to 69 and 19 within 5 dB bandwidth, respectively. At lower SOA current, the multiwavelength flatness is degraded due to lower IDL strength. As the two PCs are altered, the multiwavelength spectrum is deteriorated because the PA is no longer 45º.
For future work, the bidirectional Lyot filter can be replaced with other comb filter such as SLM filter and MZI filter. With bidirectional SLM or MZI, it is expected that the multiwavelength spectrum to have a better performance in terms of wavelength range and ER. ACKNOWLEDGMENT This work was partly supported by the Ministry of Higher Education (MOHE), Malaysia under grant number of 9359400.
